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The material prosperity of the last cen-
tury is due 1o the cooperation of three
elasses of men: the man of science, who
Mives only for truth and the discovery of
natire’ s laws: the inventor, eager fo apply
these moneyv-making ma-
chines and processes; and the engineer,
trained in mathematical investigation and
in knowledge of the physical conditions
which govern his profession, which is the
mochanicalapplicationof the laws of nature,
Engineoring s sometimes divided Into
eivil, military and naval engineering. The
term civil engineering, which will he here
deseribed, is often used hy writers as cov-

iscoyeries to

ering siructural engineering only, but it
has a much wider meaning.

he classification  fa: statieal
encineering, o luding that of all fixed
bodies, and dynamical, covering the move-
went of all by the development
and application of power.

Statical engineering can be again suh-
divided into engineering, or
that of railwayvs, highways, bridges, foun-
also, into

loghenl

baodles

structural

dations, tunnels, buildings, &
hydraulic engineering, which governs the
application of water to canals, river im-
provenients harhore, tha supply of water
disposal of

to towns and for wogation,

&

Dynamical engineering divided
fnto mechanieal engineering, which covers
the construction of all prime motors, the
transnission of power, and the use of ma-
ehines and machine tools, Closely allied
fs electrical engineering, the art of the
transformation and transinission of energy
for traction, lighting, telegraphy, tele-
phoning, operating machinery and many
other uses, such as its electrolytic apphica-

EOWANE

can be

tion to ores and metals.

I'hen we have the combinad application
of statical, mechanical and electrical engin-
eoring to what 18 now called industrial
engineering, or the production of articles
useful to m.n. This may be divided into
agricaltural, mining, metallurgical and
chemical engineering

Surely this is a vast fleld, and can only
be hastily described in the sketch which
we are about to give.

STRUCTURAL EXGINPERING,

Siructural  engineering 18 the oldest
of all. We have not been able to sur-
pass the works of the past in grandeur
or durability, The pyramids of Egypt

| Stntes,

draw in a traln, the less would be the cost.

It was not until the invention by Bessemer

in 1864 of a steel of guality and cost that

made It available for rails that much heavior
! ears and locomotives could he used.

The't came a rapld Incremse. As soon as
. Bessemer rails were made in this country,
| the cost fell from $1756 per ton to $30, and
! now to $26
I Before that time a wooden car welghed
sixteen tons, and could carry a paying
load of twenty-filva tons. The thirty-ton
engines of those days could not draw on a
level over thirty cars welghing 1250 tona.

The pressad steel car of to-lay weighs
no more than the wooden car, but carries
a paving load of fifty tors, The heaviest
enginos have drawn on a level fifty steel
cars, weighing 3,760 tona.  In the one case,
the paying load of an engine was 750 tons;
| now, it is 2,500 tons.

Rieen grades soon developed a hetter
hrakesystem, and these heavier trains have
lad to the invention of the automatic hrake
worked from the engine, and also anto-
matic couplers, saving time and many
Hves. The capacity of our railways has
heen greatly increased by the use of electrie
block signals

The perfecting of hoth the railway and
fta rolling stock has led 1o remarkable
resquits,

We have no aceurate statisties of tha
early operation of American rallways
I 1887 Poor's Manua! estimated thelr total
freight tonnage at 75,000,000 and the total
freight 100,000,000 This was
an avernge rate per ton of 8§ 23

In 1208 Poor gives the total freight ton-
nange at 075,780,041 tons, and the freight
receipta at 022436314, or an average rate
per ton of w5 centa  Hlad the rates of 1807
prevailed, the alditlonal yearly
the public would have been §4,275,000 000,
or sufficient to replace the whole raiiway
syatem in two and a half years

This 18 an illustration only, but a very
striking one.  FEverybody knows that such
high rates of freight as those of 187 would

receipts at

cost o

[ have checked traffle I'his much oan
{ surely be said: the rednction in cost of
| operating our railways, and the conse-

quent fall in freight rates, have been potent
factoms in enabling the
abroad last year $1, 156,000 00
and to lood the world with our

send worth

ol exXports,
food and manufactured products

BRILDGE BUTLDING

by priests, as the title of the Pope of Ko,
| “ Pontifex Maximus " indicates
Railwavs changed all thls
the picturesque stone bridge, whosn long
{ ine of low arches harmonized with the
: landscape, there eamo the stralght girder
| or high truss, ugly indeed, buat quickly
f built, and costing much 'ess
| Bridge construction has made greater
| progress in the United States than abroad
| The heavy trains that we have described
called for sironger bridges. The large
American rolling stock 18 not wsed in Lng-
land, and but littla on the Continent of
Europe, as the width of tunnels and other
ohstacles will not allow of it. Tt I8 said
that there is an average of ona bridge for
every three miles of raillway in the Unitod
making 63 bridges, most of
which have been replaced by new and
stronger ones during the last twenty years
This demand has brought into existence

still stand, and will stand for thou-| wp . mmakethe whole bridge, from the ore
{

sands of vears. Roman bridges, aqueducts
and sewers still perform their duties,
Joseph's canal still irrigates Lower Egypt
The great wall of China, running for fifteen
hundred miles over mountains and plains,
contains one hundred and fifty millions
of cubic yards of materials and ls the
greatest of artificial works. No modern
building compares in grandenr with St
Peter's, and the medigval cathedrals shame
our puny imitations.

These mighty works were huilt to show
the piety of the Church or to gratify the
pride of Kinga. Time and money were of
no acconnt. Allthis has now been changed.

('m.l\:\l controls, and the question of time,

money and usefulness rules everything

Henea come sclentific design and  labor-

paving mactinery

The engin or of our mndern works flrst
ealculates the siresses an all their parts,
and proportions them accordingly, so that

there is no waste of materinl.  Hand labor

has given place to steam machinery A\l

arts are interchangeabile, so that thev ean
I

be made and Ntted together in the le "~

sible time, as i3 seen every day in the eope-
| oMee bullding

struction of a steel-Tframe

Onr workmen receive mnch higher wages
than tn the past, while time and cost Lave
been diminished,
BAILWAYS

The greateat engineering work of the
nlueteenth century was the development of
the rallway syetom which has changed the
face of the worll feginning in 1880 with

George Stephenson, It

the locomotive of

has extended with such strides that, after
peventy vears, there are 408,000 miles of
raliways In the world, of which 100,000 miles

are in the Unlted States  Their cost is esti-

mated at forty thousand mulhons of dol-

> . A |
lars, of which ten thousand mithons helong |

to the United States

The rapidity with wlich rallwavs
built in the United States and Canada con
trasts strongly with what has been done

in other conntries.  Much has heen written
of the energy of Russia in bullding 8,000
miles of Siherian ratlway in flve or six
years, In the | States an average
of 6,147 miirs completed every year
during ten suceessive years, and in 1887
2952 miles.  The physical
Siherin

H '
tnite

Wis

there weore built
diMeultios ome in Are
greater than have bheen overcome here

Ihis rapid construction I8 due to several

aver: no

enuses, the most potent of which has been
the need of extending rallways over gregt
money. Hence they
were bl and a' first In
not as soild o manner as those of Furope

dittances with litle

eeonomieally,

Riveper  gradlonta,  sharper curves, and |
Hichitor ralls were  ysed I'his  rendered
necessary a different Bind of rolling stock
guitable to such construction e swivel
Mg truck and equabizing beam  enabled
onr epgines to run safely on tracks where
the v Faropean engines would soon
have heey in the ditel
Our ears wi made longer. and hy o

nse of longitudinal framing movach stronge
A greal economy eame from the use of
Al Jdaaron wheels, with hardened
tirew, nll in one preee, instvad of | eing hailt
up of spokes, huba, and tires in separate
parts.  These wheels now seldom breal

and cost mueh less than Foropean wheels

|
|
A8 there are some eleven milllon car wheels | they w Il be followed in the 2,To0-1o00 8pan,

Arn |

to the finished product
l Before the advent of railways, highway
Amerion were made of wool,
Few of them exusted
The large nver
crossed in |

! hridges in

"and called trusses

| before railways
estuaries were

| trip more dangerous than an Atlantio voy-

| age now is. A few smaller rivers had

| wooden truss bridges. Although orig-

Horse

] inally invented by Leonardo da Vinel, inthe |

United States 1o ‘

! In early davs the builling of a bridge |
[ was a mntter of great ceremony, ond i
| was consecrated to protect it from evil
:u]q:‘la Its construction was controlled

Instead of |

manyv bridge-building corapanies, soma of |

and |
bonta, A |
i
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{ jcally designed.  Such are the new Niagara
Bridge, of 840-foot span, and the Aloxander
LI. Bridge, at Paris

It is curious to see how little is said about
these beautiful bridges, which the publlo
takes as a matter of course. If they had
been bullt fifty years ago, their enginecrs
wounld have received the same praise as
Robert Stephenson or Roebling, and justly
80, aa they would have been men of excep-
tional genins.  When these bridges were
built, in 1808, the path had been made =o
clear by mathematioal investigntion and
the command of a better steel, that the task
seemed easy

That which marks more clearly than
anything else the great advance in American
bridge building, during the last forty years,
{8 the reconstruction of the fumons Victoria
Bridge, over the St. Lawrence, above Mon-
treal.  This bridge was designed by Robert
Stephenson, and the stone plers are a mon-
ment to his engineering skill.  For forty
winters they Lave resisted the graat flelds
of fee horne by a rapid current.  Their
dimensions wera so liberal that the new
bridge was put upon them, although four
times as widoe ns the old one,

The superstructure was originally made
of plate-iron tubes, reenforeed by tees and
angles, similar to  Stephenson's Menad
Straits  Bridge  There are  twenty-two
epans of 240 fest each, and a central one of
430 fect.  Perhaps these tubes were the best
that could be had at the time, but they had
outlived their usefuiness.  Their interiors
had become greatly corroded by the con-
fined gases from the engines and the dri
pings from the chemicals used incold stor
age cars,  Their height was insuftioent for
modern large cars, and the confined smoke
made them so dark that the number of
traing was greatly limited

It was decided to build a new brilge of
open-work construction and  of
hearth steel  This was done, and the come-
parigson s a8 follows: Ol
feet wide, single track, live load of onwe
ton per foot, new bridge sixty-seven foet

open -

bridge, sixteen

U wide, two rallway tracks and two carrage
wave, live load flve tons per foot
Fhe old iron tibes welghed 10,000 tons,

| cost $2.715,000, aud took two seqsons to

eree I'ie new truss hridge weighs 2%
000 tong, has cost between 81,500 000 and 81,
400,000, ancd the Lime of colastraction was one
veal
During his experience the writer has seon
| the 1 N i of ba S incrs from
2 y 4,000 pounds per lineal foot of 1ra
with an extra allowance for concentrated
londs
‘ I'he modern Ligh oMee bhuiding is an
Intereating exampla fhe &y n of
l‘l|‘“' viaduaet pier ~ Lt flha
required dimensions, strongther more
| eolumns strong enonugh to cun many
| floors, Is the skeleton framg n < ,
siles with birick, stone, or tevra-cotta i
windows and doors and elevators, and it
{8 compiete
Fortunately for the stahility of these his
{ buildings, the effent of wind pressures
| had been studied in this connt v
i"""iﬂhi of the RKinzup, Pecos and other
high viadnets
' All this had been thoromghly worked
| out and known to our engineers |
fall of thie Tay Bridge in Scotiand I'hat
; disastrous event led to very carefal expe

ments on wined poes irvs by Sir Beniamin
| Baker, the very eminent engineer of the
Forth Bridge, Hiz experioents owend
that a wind gangs of 300 square Toet areg
| ghowed a maximum pressurs of tharty-tive
‘ pounds per si foot, W L S b
| of one and on U ggquare feet aren rogs
| tered gusts of forty-onae pounds per foot
; Ihe modern elevated railway of citles
| Is simply a very lovg railway o et
; Some idea may be gained of the life of a
modern rivetedaron structure fro
experience of the Manhattan FElevated
Railway of New York Iheso TOALS Worn
| buiit in 1878-70 to earry uniform loa 18 of
| 1,600 pounds per lineal foot, except Second

avenue, which was made (o

| sixteenth century, they weore re-invented | Tha stresses wero Lelow 10,00 E
é by American carpenters. Some of Burr's 1 per square inch
| bridges are still standing after more than | These viaducts have carrfed in twont
| one hundred vears' usa.  This shows what | gwe vears over 25,000,000 trains, weighing
i wood can do when not overstrained and ‘ Over %.000,000,000 tons, at 4 maximum speed
protected from wenther and fire of twontv-five miles an hour, and are still
| Ihe coming of railways required & | in good order
| gtronger type of bri {ga to earry coneens {  Fridgn engineera of the present day are
[ tratedd loads and the Howe truss, with | oo 1 Meuitios whick o ted
| yertlcal iron rods, was invented, capable | the et gner f iron } rst, T
of 180-foot spans I mathe wities of | J T oWl
| Abtout 1568 iron bridees began to take | syood in 1870, bhut the propor I ‘
| tho place of wooden biridges Die-forged | tala il . WO ' eyut ivi 9
avobars and pin connections allowed of | Pepry new €pan wos 4 new K oW
longer panels  and  longer spans.  The | thioe ngineer tells his drans n to desien
firat long-apan bridge was a <ingle-track | 4 span of 2 gives . hielght and widtl,
ratlway hridge of  4oo-foot span over the | g t \ ol o lon By the light of
Ohio at Cineinnati, which was considered | awnoerien ho dosa 3 A
1o hea wreat achiovement in IN7T0 ) Connvetions have b » standardized
Ile Kinzua viaduet, 310 feet high and | ap that the duplicatio parts ean |
wep hlt & 1 K. belongs to this era. | carried 1o ita fullest ext
| 1t is the type of the nui rous high viaduets | Machine tools are used to make every
now ko comimon , part of a bridee, and power riveters o
\ t IS8G new n vial was given to | fasten  the 1R ( it a .
engineerns having greater strength and | I N » hiad, ana t o of parts have
tepneity than iron, and commercially avails | ipereased | renia o (leaer
ible from its low co Ihis i basic steel | wo have now srent bridge eo ning
After mAany experiments, the proper pro- W | Are 8BGO0 tol s A
| portions of earbon, phosphorus,  sulphur | arplinness for hoth shon drawi vl
| and manganesa were ascertained, and uni- | tion that the ol it e =
formity resited e open-hearth pro- | rue that they can make bridges und sell
coss 14 now  generally  used This new | them by the mile
ohemboal metal, for such 1t 18, 18 b0 per Al im vernents of o n oA oF
| cont stronger than lron, and can be tied in public property il ehat the htidiecom
a knot when vold panios do is done in the fierce light of cor
l e alfect of improved devices and the | ajion.  Mistakes mean ruin, and the
[ use of ateel is shown by the weights of the | fiyast only survives
‘ qoo-foot Ohio River iron bridge, built in 1570, Having such powerful aids, tha American

and a bridge at the same place, huilt in 1830
| I'he bridge of 1870 was of iron, had panels
twelve foet long, and its height was forty-
flve feot, and span 400 feet

e bridge of 1558 waa of &teel, had panela
| thirty feet long, and ita height was elghty
| teer.  11a span was 550 foet I'he welghts
of the two were nearly alike

The cantilevar design, which 18 a revival
of a very ancient type, came into use  ‘The
greal Forth Bridge, in Scotland, 1,800 foot
| span, Is of thia stvle, as are the 500-foot

| spang at Poughkeepsie, and now a new one

| i being designed 1o eross the St Lawrence

near Quehece, of 1800-foat span

This s probably near the economie limit
;Hf-.nf."-‘ er constraciion, bhut the suspen-
sion hr vee i) be extended much farther,
| as it corries no dead weighi COMPIERE IO
mrmbers
| Lhe Nagara Suspet n Dridge, of

ult by Roehling «H2. wnd

‘ Br e, of 1LAO feet, bulit by
| \ lils twenty vears after,
! L won r adviance in brilge

| desig

Lhirty vears later, vhen a new hridge of
1600 feot was wantes) to cross anaother part
ku’ the Last River at New York, the same
| lines of construction were followed, and

fn use in the United Statos the resulting | designed to eross the North River, sone

economy 18 greal
It was soon seen that
CATTY A greatsa [»rn-w-l' o

langer

{ paving lond

and the more cars that one engine could

e wonld

| time in the twentieth eentury he only

radical advanes s the nse of a hetter stee)
than conld he had in enrlier davs

Steel-arched biiA ges are now scentif.

’

bridge engineer of to-day Luas advant
over lLis predecessors and over | In
ropean brotl whers i A1

sv<tom has not yet been adopted

Ha

wrican

Mo Amerlean sy=tem gives the greatest
possible rapidity of erection of the brijge
A span of 18 feet, welglung

1.000 tons, WAS erected at Calro on the Mis-

glasippt in six days The parts wera not

é on 18 plers,
i
I assembled until they wers put upon the

——

and the caisson sunk by Its own weight
to the proper depth, it was filled with con-
crete, The limit of depth is that in which
men can work in compressed air without
injury, and this is not much over one hun-
dred feet,

The foundatione of the Brooklyn and 8t,
Lonis bridges were put down in this way.

In the eonstruction of the Poughkeepsie
Bridge over the Hudson in 1887-88, it became
necessary to go down 135 feet below tide
level before hard bottom was reached.
Another process was invented to take the
place of compressad air. Thober caissons
wera bullt, having double sides, and the
spaces hetween them fllled with stone to
give weight. Their tops wera left open
and the American single-bucket dredge
was used. ‘This bucket was lowered and
lifted by a very long wire rope worked by
the engine, and with it the soft material
was removed. By moving this bucket
to different parts of the calsson its sink-
ing was perfectly controlled, and the only-
won finally placed In its exact position, and
perfectly  verucal. The internal space
wis then filled with conereta lald under
water by the same bucket, and levelled by
divers when necessary.

W hile this work was going on, the Govern-
ment of New South Wales in Australia
called for both designs and tenders for a
bridga over an estuary of the sea called
Hawkesbury, The conditions wera the
game 8+ at Poughkeepsie, except that the
soft mud reached to a depth of 160 feet
below tida level.

Ihe designs of the engineers of thae
Poughkeepsie Bridge were acceptad, and
the same method of sinking open calssons
(in this case made of iron) was carried out

with perfact <yceess

I'ha erection of this bridge Involved
anot er dificult problem, The mud was
ton <ot and deep for piles and staging,

and the cantilever system in this site would
have increased the cost

A stawing was built on a large pontoon
at the
Lo whole was then towed oyt to the bridge

hore, and the span erected upon it

site it high tide As the tide fell, the pon

years later. The dome of Columbia Col- ! larging its prism and locks, or to increase

lege Library in New York Is of concrete.

Concrete is & mixture of broken stone
or gravel, sand, and Portland cement.
Its virtue depends upon the uniform good
quality of the oement. The use of the
rotary kiln, which exposes all of the con-
tained material to a uniform and constant
intense heat, has revolutionized the manu-
facture of Portland cement. The engineer
oan now depend upon its uniformity of
strength.

Wheels, axlos, bridges, and rails have all
heen strengthenad to carry their Increased
loads; but, strange to say, the splices
which hold in place the ends of the rails,
and which are really short-span bridges,
are now the weakest part of a rallway,
Ihe angle-bar egplica has but one-third

of the strength of the rail, and ita strength |

cannot be increased, owing to its want of
depth, Joiuts go down under every pass-
ing wheel, and the ends of the ralls wear
out long before the rest,

This I8 not an insignificant detail. Tt
has heen estimated by the officers of one of
the trunk lines that a splice of proper de-
sign and strength would save yearly enough
in track labor (most of which is expended
in tamping up low Joints) to buy all the
new rails and fastenings required in soma
time. 1t would save much more than that
in the wear of rolling stock. A perfect
joint would be an economic device next
in value to the Bessemer steal rail. Here
is a place for scientific and practical skill,

AYDRAULIO ENGINEERING

Ay dranlic engineering 1s one of the oldest
hranchier of engineering, and was devel-
oped before the last eentury.  The frriga-
tion works of Asia, Afriea, Spain, Italy, the
Roman aqueducts gnd the canals of Enrope
are oxamples.  Hydraulic works eannot be
constriacted in ignorance of the laws which
govern the flow of water. The action of
water 18 relentless, as rulned canals, ob-
stracted rivers and washed-out dams do
testify

I'he prineipn! additiona of the ninets onth

|

speed and move more boats in a season by
electrical appliances. The last method
seems more in line with those of the present.

There should be a waterway from the
Hudson to Lake Erie large enough for ves-
sels able to navigate the Lakes and the
ocenn. A draught of twenty-one feet can
be had at a cost estimated at $200,000,000

The deepening of the Chicago Drainage
Canal to the Mississippi River, and the
deepening of the Mississippl itself to the
Gulf of Mexleo, i3 a logical sequence of
the first project. The Nicaragua Canal
would then form one part of a great line
of navigation, by which the products of the
interior of the continent could reach either
the Atlantie or Pacifle Ocean

Tha cost would be small compared with
the resulting benefits, and some day this
navigation will be built by the Govern-
ment of the United States,

The deepening of the Southwest Pass of
the Mississippi River from six to thirty feet
by James B Eads was a great engineering
achievement. It was the first application
of the jetty system ona large scale.  This

[ 18 merely confining the flow of the river,

century to hydranlic engineering are the
collection of larger statisties of the flow of
water in pipes and channels, of rvainfall,
run-off and avallable supply It 8 now
known that the germs ol disease can be |
retidned by orfinary sand filiers, and it 13
now an establishied fact that pare drink
i witer and proper dralnage are siare
preventives of typhotd and # lar fevers
Vory foul water can be male potahle
Lxperiments show that the f the
sehvikill River at Philads wl )
eontains 400,000 germs in the space of jess
than a cubie inch, wns 8o much purified
by Altering that on a0 remained This
I= a discovery of sanitary science, but the

ecatton of it is8 throngh stroctural

engineering, which designus and executes
the fiter beds with great sconomy
I'he removal of sewage, after having
t been done by tha Liruscans before tie
foundation of KRome, became a lost art
during the dirty Dark Ages, when flith and
pirty wern deerned to be connected in somao
mysterions way., It wasa reserved for
good Jolin Wesloy to point ont that * Clean-
liness {8 next to Godliness,”  Tow sewage
works are as common as those for water
41111 Some of them have heen of great
xizo and  cost Such  are the drain-
R WOIKRS f london, Paris, Derlin,
Boston, Chicagn and New  Orleans \
very Ut work was the drunags of
the ( of Mexico, which is8 in a valley
8 i by mountains, and eleva
f r to five feet albove u lake having
[uo outlet. Attempta to drain the lake
have Leen made in vain for six hundred
vears It hes lately been sccompished
by a tunnel six miles jong throngh the

monntains, and a canal of

the whole work costing sowe $20,000,000
Ihe drainage of Chicagn by locks and

canal into the Illinois River has cost sorie

$o5, 000 000, and s well worth fts cost

wer thirty miles,

sotentifle rescarch has been app
the designing of high masonry and o

no

well-
1 foundation should

dams, and we know now that

designed dam on A g

and thus increasing its velocity so that it
secures a deeper channel for itself

The improvement of harbers follows
closely the increased size of oecean and
lake vessels. The approach to New York
harbor {8 now being deepened to forty feet,
a thing impossible to be done without the
largest application of steam machinery
inasuction dredge boat

The great increaso of urban population,
due tosteam and electric railways, hus made
works of water supply and drainage neces-
sury everywhere, Some of these are on a
very grand scale  An illustration of this is
the t'rotan \|||1m|uc t of New York as it now
fs, and ug it will be hereafter

Ihis work was thought by its designers
to be on a scale large enongh to last for
all tima. It i8 now less than sixty vears
old, and the population of New York will

gonn be too large to be supplied by it
It is nble to supply 250,000,000 10 aon,
000,000 gallons daily, and its eost, when

the Cornell dam and Jerome Park reseryoir
are finished, will be a little over $062 000 000
[t 13 now sugrested tostore water in *e

Adirondack Mountains, 203 miles away,
by dams built at the outlet of ten or twelyve
lakes  This will equalize the flow of the
Hiunison River 8o a8 to give 3,000,000 000 1o
4,000 000,000 gallons daily It i8 then pro-
poed 1o pump 1,000,000,000 gallons daily
from the Hudson River at Poughkeepsie,
pixty milea away, to a helght sufllcient to
supply e city by gravity through an
aqueduct, ‘This witer would be filtered at |

Ponghkeepsie, and we now know that all

Impurities can be removed

If this rcheme is carri
supply b abont
daily, or enoweh for a popdation of from

N IR ) Loy 1. 000 0

the total
1,800,000 000 gallons

out,
will
» persons. By putting
and conduits,
100 per
daily

In more pumps, fliter beds,

this sn can be {ncerensed cent

or to

1,500,000,000  gallons This
[l every day a lake one mile
sanare by ten feet deen I'his is a fair ex-

f the enginecring works

water would 1

ample of the seale

of the ninoteenth and twentieth centurins
By the application of modern labor-say

ing machinery, the cost of this work can

Lo g0 far controlled that the ecost to the

city of New York per 1,000,000 gallons wonld
be no greater than that of the present Croton

ALl workm of hvdranlie engineers depend
ter.  But whatwill happenif the water
India, China, Spain, Turkey
suffered from droughts,

onow
aill dries up
and Syrin h
cansed clearl by the destruction of their
forests, The demand for paper to print
books and newspapers upon, and for other
purposes, 8 fast converting our forests
into pulp. We eannot even say, “After us
the deluge," for it will seldom rain in those
evil days, When the rains do ecome, the
spongelike vegtatfon of the forests being
gone, the sireams will be torrents at one
time of the year and driad up during the
rest, 48 we now see in the arid regions of
the Woest,

Ve

MECHANICAL ENGINEERINO

Mechanieal enginoering is employed in

all dynaniical engineering It covers
of all sorts, steam

the
deaigns of prime motors
gns, and gasolene recipro
also, steam and water turbines, windmills,
and wave motors

‘atlng engines,

It comprises all means of transmitting

' power, a8 by shalting, ropes, pneumatio

foul The dams now building across the |
Nile by orler of the British Government
will create the largest artificial lakes in !
the worll [he water, thus stored, will
ba of inestimable valve in frrigating the
crops  of Jower Egvil Their ecost, al
though great, will not excasd the sums
[ spent by lavish Khedive Ismall on useloss
palaces, now falling to lecay.

Ihe Suez Cannl 8 one of the largest
hydran works of the last eentury, and
s a notabla instance of the displacement
of hand labor by the use of machinery
] il began by | seliig & largo part
[ of the peasant population of Egypt, just

toon was lowered and the steel girder was :
plare] gently on ita piers. The whole |
iperation was completed within six hours ‘
[he other five spans were placed in the |

|
Sdlile amn [

Fhe same system was followed afters |
wnrd by the enr r of the Cana lian
Paeifl tatlwav in placing the gpans of & |
hridee o 1 ~ lL.awren na very
Ty Clurre It is now use | in replacing |
ol i new ones, as itonterrupts |

5 b 1 hie ot ] " »

1 - ' ! n H " I 1 "‘,' m+ 1 """'l" ! !
at Hawise<h gave the second mmtroada
ton of e vore 1o hridge bulld- |
1 oulside \n 1, The first wasin

t, when m vrlean earpenter or ship- |
W t b 1 biridge over Charles Kiver

it Boston, 1.4 t lone hy 40 feot widge
s b 14 woold gunported on |
] His work gained for him su res |
wwit that he was called to Ireland and built ‘
a similar bridge ar Beifast |
I'innclling by compressed alr 1s a hori ,
uoap) wion of compressed air foun- |
e earth is supported by n
Vb, whineh is adided to in rings, which
are | forward by hydra LOKS

A\ tunuel s now being made under an

arm of the sea between and East
wion, some 1,400 feet long and 65 leot
Lolow tide I interior lining of iron
r i% not used ho tunnel is huilt of
( rote, reenforeed | steol rods, This
\ ot a n rabile economy, St
{ ) ! ore enginenet r,il' "“' " '“
thing in the most economical way consisten
with salery |
‘ I't St Clair tnnnel,  which earrles |
the Gramd Trunk Rallway of Canada under |
thes outiet of Lake Huron, Is a stuccessful
example of such work [HHad the North !
Fiver tunnel, ut New York, been designed |
on equally scieptitle principleas, 11 would
probably have been tine bed, which now |
seems problematieal |

The ennstruction of rapld transic rail- |
Wiy In cities is another branch of enginee :
in vering structural, mechanical |
( frical  engineering Some ol these |
r Yavs are ciovated, and are meray
railway viaduets, hut the favorite type
now s that of subhways, There are two
kinds, those near the surface, like the (is
t ra s of Loadon, the subways in
Parie, Berlin and Boston, and that now
! ng in New York 1he South London
ul Cent mdon  and other London
projesis are they sunk NIty o elghty
feet b v hin surface nd requiring ele- |
L Flivse y made on oa
plan & ed hy Greathea nnd consist

o cnsb-ron h pushed ward | hy- |
Lra Lt and haws o f ja HIsbe |
( | ed witin bould cement puniped
B Pt |
| sty ion of the Buston subway !
Was JHNealt on account of the il width
of the streets, their groat trafll ..u;‘»n'
" sty of undermpnn { \ ) ations !
by PG Wis st |
q L ) § irt 8 the trafl !
v duy, nnd roflecte great credit on the |
eneil ' Oowing t tha great width of
Noew York streets, the problem s sunpler
that respect, but requires skill In design |
md organization to completa the work |
In w wr o thine \ithough many times as |
o i o Boston stthwa) will be Lualit in \

pearly the e time, Tho design, where

i carth, may be compared Lo

ut of a steel

Yice | ling twenty nules long, laid Nat

one of it sljes Lhoe redaplication of

and s the key
pProgross N ear
Isin .4;-'I“.-‘v"\)‘.

Ve tie and Isbor,
cipated rapid
rfa @ this

to the an
the suhwas
von, and tunnelling s confined to rock.

he
developing
water

Lhonses for
and from

structural

oonstruction of
from

wWer

eneryy coal

falling requlres  much

and mechanival engl-

1o Niagara power house

Liesllma  electiical
noering abinty
s Intended to davelop 100,000 horse power;

that at the Sanlt Ste. Marie as much, that

falsoworks. European enginueers have some
timea ordered a bridge to be riverte] | oD tha 8. Lawrenes, at Lachine, 70,000
together complete in the makers vard, and horse powel ' [Niese are huge works,
then taken apart requiring tannels, rock-eut ebambers, and
Fhe adoption of Amerlean work In sueh | Masoary a wd concreto in walis and dams,
bridees as the Athara in South Alrica, 'w\! L cover large extent it territory,
Goktetk viadu n Burmab, 820 feet Ligh, | ihe « Fisl in I the coal-using
and others, wis dhe to low ¢ quick e i oW ) 4 risling Lhe  new
ery and i woll as execllence of | r honse pow building by the Man
Il e " : | hittan # viedd Hallwa ) New Yok
4 the s g of W by 400
FOUNDATIONS, &€ | oot 100,000 Horss ver, o as much p wer
| Bridges 1 t Ve indations for thair | n at ol at Niagars bl
piers. L p to the mebidle of the ninetee ) f wt tselul materinlsa which
century  engtneers knew no better wa T p 0 s | v 1 ' is von
of making them than by laying bare te 'c. b, W\ in ! Linta confMmed spaces
| bed of tha river by a pumped-ont flore | o ! n Wilte IV costs Jesg than
| dam, or by driving piles into the < v masonry, while as steong his s the re-
' 3 Crosar did Ahout the miid { ! f thie tse of o materinl d by the |
;"“' iy a brench engineer con Viend Ll ;l. Funs Her was ofee allowed 1o
| first plan of a puenmati " [ el o dad i tool tha coustriction
| led to the present Hem s nyg | o 1 e of the Pant it R " He
\ ur by pumping it into an inverted box, I forn v mon mass of conereto,
ealledd B ocalsson, witd virlocks on tan to | an fonee Witlis hipist It % & better
lnlwrlvuh--': anel materials 1o L i oand i ‘ pem 0 BREinesaring ' wifon than the
After the sott materials were removedy " dote of Bt Peter s, bulit Gitewn huudred
‘\

us Hameses hind done over 8,000 years 'he

unfortunate peopla were set

to dig the sand with rade Lhoes, and carry (b

away In baskets on their hends I'hey
i by thousands for want of water and |
proper food At last the French engineers |
persuaded the RKliedive to 1ot them intros
q o steam dredging machinery A hght
ranw Wwits i to » 1 ],
ind n il oh tug to hring 1ot
The number of men employed fell to om
fourth. M ol Ll the vest, But for
1thiis @ oCi W i never have been fln
Ilhe Panmma Canal now usea the hest
madern  mavhinery and the Nicara;
Coanal, if built, will apply still better meth
iR pveloped on the Chiicago Drainage
(nnal, where material was handled at a less

8 ever been done hefore
Russia is better

rwayvs than

cost than !
supplied with internal
any Her
rivers rise near each other, and have long
by canals It is stared
tuat she has over 80,000 miles of interral
andisr
struction of
pian with the Baltic Sea

Ihe krie Canal was one of very sniall
cost, hut its influence has heen surpassed
hy The " winning of the Weat * wns
hastened many vears by the construction
of this work in the first quarter of the cen-
Lury I'wo horses were Just able to draw
i ton of goods at the speed of two miles
an hour over the wretched roads of those

wi other country

connected

b ren

"Woprenanng the con
the (

navigntion

Cuanais to counect b=

nong

jave  When the eannl wiaa niade these
two horsea could draw a boat carrying
150 tons four miles an hour  Muad, or, in
other words, friction, 18 the great enemy
f oly ition, and eanals were the first
things to duninish it, and alter that ratl-
wi

Fhie Erie Canal was made by engineera,

bt it ld to maks (8 0w n enginesrs fiest,

\ v wWias noue avadable i this coun-
1 nt 1l 1 il -taught men
o 4 nd 18 and others
vwyers, showed themselves the eoquals of
the Foghisbanen Brindiey and Smeaton, when
e ed a witer ronte through the
lderpess, having  a  uniform  descent
f Lake Frie to the MHudson, which
" | have heon so bullt if there had bheen
enongth money
The i i now s whether to enlargns
e Capa of \hls canal by gravily, en-

{ but

{

i over

pressure, and compressed alr, all of which
seem likely to be superseded by electricity
It ecovers the construction of

tools and macihinery of all Kinds

maclhine
It enters

into all the processes of structural, hy-
dravlie, electrival, and industrial ~-n.;|~
neering I'he special improvements are
almost universal use of rotary motion,

il of the redupiication of parta

Ihe steam engine s a wachine of recip-
motion by
mechanical
ninetesth century
improvements of the

rocating, converted into rowary,
the

enRineering

Crank Iho progress of
durmng the
12 measured by the
steam engit

, principaily in the direction
of saving fuel, by the invention of internal

combustion or gns engines, the application
transmission, and, latest, the

loprent of steam

of electrnoal
1

practical deve turbines,
by Parsons, Westinghouse, De Laval, Curtis,
In these a jet of steam im-

pinges upon buckets set upon the circams

and others

ference of o wheel It
by the Italian
he WHA taoo early

was clearly indicated
engineer Bronca, in 1820
The time was not
ripe, and there were then no machine tools
giving the perfection of workmanship re-
qll."w],

Their advantages are that their motion
is rotary and not reciprocal hey can
develop spead of from 6,000 to 30,000 revol-
utions per minute, while the highest ever
attained by a recriprooating engine 8 not
1,000. Their thermodynamio loases
are less, hence they consume |ess steam
and less fuel

It |8 a very Interasting fact that the basio
{nvention upou which not only steam tur-
bines and electrie dynamos, but indeed
all other parta of mechanical engineering,
depend, 18 of such remote antiquity that we

know nothing of it8 origin. This I8 the
wheel, which Gladstone said was the great-
ent of man's mechanical inventions, as
there 18 nothing In nature (9 suglest it
Duplication of parts has lowered the
cost of all producta. Clothing 18 one of
these  The parts of ready-made garmenta
and shoes are eut into shape in numbers at
a time, by sharp-edged templates, and

fastenad togethier by sevwing machinea
Mechanieal 8 a good ex-
ample of thesurvivalof the fittest  Millions
ara hitier L
when auddenly a new discovery or inven.

en@mneering

expended on ma

of doliars

tion enxts them all into the serap heap
to be replaced by
capacmty

those of greator eaming
Prime motors derive thelr energy efither

from «

anch

il or ather combinations of earbon

8 petroleuam, or from gravity ik

Iuay cvtue trom tulling water, und the olde

fashioned water wheels of the eighteenth
century were superseded in the nineteenth
by turbines, flrst invented in France and
Kinea greatly perfected, These are used
in the electrical transmission of water power
at Niagara of 6,000 horse power, and form
a very important part of the plant.

The other gravity motors are windmills
and wavemotors Windmills are an ol
invention, but have been greatly improved
in the United States by the use of the se/f-
reefing wheel  The great plains of tha
West are subject to sudden, violent gales of
wind, and unless the wheel was antomatie-
ally self-reefing it would often hedeatroved,
Little has been written about these wheels,
but their use is very widely extended, and
they perform a
industrial engineering

There have been vast numbers of patenis
taken out for wave motors wAs
inventad in Chili, South America, whick,
furnished a constant power for fonr months
and waa utilized in sawin’ planka  Tha
action of waves s more constant on the
Pacifle coast of America than
and some auxiliary power, such as a gaso-
lene engine, which can be quickly started
and stopped, must be provided for use dur-
ing calm days. The prime cost of such 4
machine need not exeeed that of a steam
plant, and the cost of operating 18 much
less than that of any fuel-burnming engine
The saving of coal 8 &8 very importarg
problem In a wider sense, wa may sayv
that the saving of all the great stores whioh
nature has lnid ap for us during the pust,
and which have remnained almost untou fed
until the nineteenth century. I8 the great
problem of to-day

Petroleum and natural gags mav dieqn.
pear. The ores of gold, silver
inum will not last forever
grow, and fron ores seem to be practicai v
inexhaustible  Chemistry has
new metal in aluminum, which replaoa
copper for many purposes.  One of e
geeates! problems of the twentieth contiury
14 to digeaver some chemical process for
which oxidation will nat

most useful function in

e

clrowhere,

and plar

Trecw W

added a

treating iron, by
take place

Coal, next to grain, is the most important
of nature's gifts; it can be exhausted or 1 a
that ¢
he abtained in the conntries whera
it s most needed;,  water, wind and
Ay take 18 place 10 n
tent, and greater

cort of mining it hecome g0 great
ennnot
wavs
prower hnited px«
use may be made of tha
waste gases coming from blast or smelter
nearly

mitst

greatest economy

furnaces, hut na all energy « 4

he

will come 1y

I8 s COONOI 2

| the

pulvenzing coal and using 1t in the shiapa
flne powder bhieen
made tryving to deliver this powder into the
fire hox as fast as made, for it

and as dangerons

of a Inventions have
12 HS vY-
plosive as gunpowider,
to &tore or handle. 1f this can be done,
there will he a saving of coal due to perfect
and smokeles’ combustion, a8 the admis-
sion of air can ha entirely
Yilast which throws in the powder
furnishing oxygen. Some Investigators
have estimated that the saving of coal will
be as great as 20 per cent. This means
100,000,000 tons of coal annually
dtununonus coal will then he as smoke-
less a8 anthracite, and ean be burned in
ties will be free from tha
nuisance of wasted coal, which we call =

regulated, the

Kame

locomotives, (

This process will be the Ywst kind of mes
chanical stoking, and will prevent the
necessity of opeuning the doors of fire
bhoxes. The boiler rooms of steamships

will no longer he " floating hells,” and the
firing of locomaotives will become easy

Another problem of
eering 18 to determine whether it
found
energy of coal, &t the mines, into electrio
current and send it by wire to eities and
other pluces where it is wanted, or to carry
the coal by rail and water, a8 we now o,
to such places, and convart it there hy the
steam or gas engine

In favor of the first method it can be said
that hills of refuse coal now representing
locked-up eapital can be burned, and tha
coat of transportation and handling ba
Electrio energy can now transport
power in high voltage economically be-
tween coal mines and most large cities

The second method has the advantage
of not depending on one single source of
supply that may break down, but in having
the energy stored in coal pockets nearby
the place of use, where it can bhe appliad to
separate units of power with no fear of
fallure

It seems probable that a ecombination
of the two systams will produce the best
resulls, Whera power can ba sent elec-
trically from the mines for less cost than
the conl can be transported, that method
will be used.

I'o prevent stoppage of works, the sepa-
rate motors anud a store of coal, to he used
in cases of emergency, will still be neede,
just as has ! described as necesspry
10 the comniercial gsuccess of wave motors

mechanical engine
will ha

more economical to transform e

saved

e

FLECTRICAL ENGINEFRING

Any attempt by the writer of this artic’s
to trace the progress of electricity would
be but a vain repetition, after the admiral.'s
manner in which the subject has been
troated in a former paper of this serles by
Prof. Elihu Thomson

Wa can only once more emphasiza th e
fact that it i by the union of four separi'e

classes of minds sclentific  digcoverors
inventors, engincers and capitalists  that
this vast new industry bas been create

which gives direct employment to thois
gands, and, aa Bacon gald 300 years n.o,
has " endowed the human race with new
powers.”

METALLURGY AND MINING

All the processes of metallurgy and mire
ing employ statical, hydraulic, mechanical
and elactrical engineering. Coal, withous
rnilways and canals, would he of hittle use,
unless eleotrical engineering came to '8
assiatancs

It was estimated by the late Loird Armo-
strong that of the 430,000,000 to 50O N0, (00
tons of coal annually produced In the world,
one-third la used for steam production
one-third in metallurgical processes, and
one-third for domestic consumption. Tt '8
last {tem seems large. It is the jnost ini-
portant manufacturing Industry in ‘"1 e
world, and may be seen by comparing
conl-less condition of the elghteenth crne
tury with the coal-using condition of 'he
nineteenth century

Next in lmportance comes the production
of iron and steel.  Steel, on account of 14
great cost and brittleness, was o
for tools and special purposes
the middle of the last contury, I
been all changoed by the invention “
steel by Bessemer in 1844, and open hiearth
steel In the furnace of Siemens, perle |
some twen'y years s=ince hv hirist X
Thomas,

e United States have taken the |
In steel manufacture. In 183, Grvat i
made three times as niuch toel as el
Blutea. dow e Luwiled Blates ks

twice as much
cent. of ail the s
Mr. Carnegle
why, in epigr
pounds of steel
cents.”
This stimulat
and other indi
pound of steol
one and one-thi
third of & pound
it is not sur
States bordering
a traffie of 25
the Sault Ste,
which supphes
lation of the wi
loas than the !
tiver at New Y
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